There is little evidence on the joint evolution of gender differences in wages and other job amenities. We analyze gender differences in wages and workplace safety using 9 years of Italian administrative micro-level data. We document that a decline in the gender wage gap was accompanied by a narrowing of the gender gap in injury risk and an increased concentration of injuries among low-skilled female workers. A decomposition a la DiNardo et al. (1996) suggests that the main driver of the reduction in the wage gender gap is the sorting of workers across sectors and occupations, while the reduction in the injury gender gap and the increased concentration of injuries among low skilled female workers can be attributed to changes in unobservable job tasks and worker skills.
Introduction
The gender gap measures systematic differences in outcomes that men and women experience in the labor market. Several developed countries are witnessing a secular trend toward a reduced gender wage gap (see among others Blau, 1998; Blau and Kahn, 1997; O'Neill and Polachek, 1993) , including Italy (Bono and Vuri, 2011) . However, whereas wages are quite readily observed and quantified, other job amenities are not so easily captured by labor force surveys or administrative data and remain beneath the surface, unobserved (see for an overview Altonji and Blank, 1999; Goldin, 1994) .
The main contribution of this paper is the joint analysis of gender differences in wages and workplace safety, the latter of which remains one of the most important, yet understudied, job amenities. In 2009, over 2.8 million accidents involving more than three days lost occurred in the EU (Eurostat 2012) . During the same year, 3.8 thousand workers died as a consequences of workplace accidents in the EU, about 4.5 thousand in the U.S. (Bureau of Labor Statistics 2012). Our investigation is based on matched employer-employee administrative data containing detailed information about wages and working histories in Italy over the period 1994-2002. A novel feature of this data set is the availability of individual-level information on the occurrence of workplace injuries, which allows simultaneous study of the distribution of wages and workplace injuries.
We document that: i) there is a significant gender gap both in wages and in work-related injuries. In 1994, wages for men were on average 20 percent higher than for women and men experienced approximately three times as many work-related injuries as women; ii) both these gender gaps diminished over time. Between 1994 and 2002 , the difference in wages between men and women decreased by 21 percent, while the difference in the probability of injury decreased by 37 percent; iii) convergence in the probability of injury results from a greater decline for men (-29 percent) than for women (-11 percent); iv) compensating wage differentials do not explain the reduction in the gender wage gap, as female work injuries are increasingly concentrated among low paid workers, for whom gender wage gaps tend to be more persistent.
In particular, women are becoming more active in riskier jobs, and overall their wages are converging toward male wages. Looking at the aggregate data, this may seem to be driven by compensating wage differentials. However, variations in the concentration of injuries along the wage distribution of male and female workers show that this is not the case. Male injuries are concentrated among low paid workers, and this concentration is fairly stable over time. For women, the concentration of injury among low skilled workers only became apparent towards the end of the sample period, when the majority of injuries affecting women were also concentrated in the lowest part of the wage distribution. Only in the top two quartiles of the wage distribution did female workers experience a clear decline in injuries. This is consistent with women branching out from more traditional jobs and sorting into more diverse jobs. On the one hand, low-skilled (and lower-paid) women have not enjoyed a decline in work injury rate, thus reducing the gender gap in the average probability of injury. On the other hand, highly-skilled women, who are less at risk of injury, have experienced a substantial increase in wages, accounting for the overall reduction in the gender gap in average wages.
Our results are in line with Hamermesh (1999) , who argues that, despite a positive risk premium, unobserved differences in human capital may lead more skilled workers to earn more and to trade-off part of their earnings for workplace safety, a normal good. Hence, these unobserved skills create a negative correlation between wages and injuries. Our results are also in line with the transitioning of women from traditionally "female" professions (e.g. blue collar workers in the textile sector), which are usually concentrated in the middle of the wage distribution (Blau and Kahn, 2000) , toward "male" professions at both the lowest and highest ends of the earnings distribution. The entry of new cohorts of more educated and skilled women has allowed some of them to advance in the job hierarchy. Moreover, changes related to international trade and especially to the digital revolution may have influenced the price of skills, inducing a stronger polarizing effect for women (see Autor et al., 2003 , Bacolod and Blum, 2010 and Black and Spitz-Oener, 2010 . The increased price of cognitive skills relative to the price of routine and manual tasks, partly driven by computerization, are believed to influence those in the central part of the wage distribution, and such workers are often women. The drop in the price of low skilled labor led to a reduction in all job amenities, including workplace safety, and to a concentration of risk at the bottom of the wage distribution. Low-paid women bear the brunt of the costs of the decline in the gender injury gap.
We use the DiNardo et al. (1996) (hereafter DFL) decomposition to identify the determinants of the changes in gender gaps between 1994 and 2002, generating counterfactuals.
Compositional changes (changes in observable characteristics) capture part of these changes, and are mainly due to the switching of jobs across sectors and occupations. Changes in unobserved characteristics led to a polarization of female jobs much like that of males'. On the one hand, the lowest paid female workers now bear most of the risk of injury. On the other hand, the highest paid female workers face better prospects in terms of both wages and injury risk.
The paper is organized as follows. The next section describes the data and provides some descriptive statistics. Section 3 presents the methodological framework. Section 4 reports the empirical results, and Section 5 concludes.
The data
Data availability has been a long-standing issue in the literature on job amenities, and injury risk in particular. We overcome this issue by using administrative data on a 1 : 90 random sample of Italian workers, the Work Histories Italian Panel (WHIP), linked with administrative records from the Italian Workers' Compensation Authority (INAIL), covering the years 1994-2002 (Bena et al., 2012) . Overall, the data set includes about 120,000 individual records for each of the 9 years in the sample. This matched employer-employee data set provides information on worker and job characteristics (age, sex, place of birth, type of occupation, sector, size of firm, number of weeks worked in a year, part-time job, earnings), the number of work-related injuries and their exact description, and the days of work lost due to such accidents. Physicians report and certify the diagnosis and prognosis of the accidents. Hence, our data set provides an exceptionally rich source of information which we use to analyze the joint distribution of (deflated) weekly earnings and workplace injuries.
Despite this wealth of information we are upfront about three limitations of our data. First, a precise estimation of injury risk is only possible for employees in the non-agricultural private sector. This is because employees in the the public and the agricultural and fishing sectors are not included in the database, while information about the self-employed, although included, is not adequate both for measuring the risk-exposure (worked weeks are not recorded) and the outcome (self employed without employees in the trade sector are not required to enroll in public insurance).
Second, information on workplace injuries is currently available only for the 9-year period between 1994 and 2002. However, although relatively short, this period witnessed important economic and social changes and provides significant variability in wages, injury probabilities, and injury index.
1 Another reason why 9 years might not be such a short period when studying workplace injuries is that most injuries happen at the beginning of a job spell (see Table 1 ) and the Italian workforce changed significantly during the 1994-2002 period. Female labor force participation increased significantly, and new cohorts of workers entered the labor market.
These changes were so pronounced that 42 percent of women and 35 percent of men working as employees in 2002 were still out of employment in 1994.
Third, like many administrative records that are used to compute social security benefits, our data set has no information on education, since education does not enter the benefit formula directly. Fortunately, the data does include information on whether the worker is a blue or white collar worker or a manager, which tends to be highly correlated with education.
Tables 2 and 3 describe the evolution of our main controls, while the rest of this section focuses on the two main outcomes of interest, namely wages and injuries. Table 2 describes 1 In 1992 a severe recession forced the Italian government to devalue the lira (the currency lost almost 40 percent of its value with respect to the German Mark) and abandon the European Exchange Rate Mechanism. The old political parties disappeared in the midst of widespread corruption charges against their leaders, and a government of technocrats was formed. New parties and new leaders entered the new political scene, called "2nd Republic," in 1996. Despite these changes, economic growth saw an unprecedented low, with average yearly growth rates close to 1.5 percent. Given that temporary help agencies (agencies that rent out workers on a non-permanent basis to firms) are recorded as financial intermediaries, part or even most of this increase might be attributed to these agencies. Most of these workers seem to come from traditional sectors like vehicle manufacturing for men (-1 percentage point) and the textile industry for women (-6 percentage points). Changes in the textile industry generate the largest convergence between male and female occupation across sectors. This industry almost exclusively employs women and has been constantly declining in size since the 1990s. Table 3 shows that there were no major changes between 1994-2002 in the proportion of white and blue collar employees or in the geographical location of jobs, either for female or for male workers. Both men and women experienced a substantial increase in part-time jobs.
Interestingly, the participation rate of male workers in large firms declined over time, whereas the female participation rate increased. The last two columns show that the gender differences in the average age of workers has been declining, mainly due to the increase in the age of retirement for women. Although retiring much later than in the past, women are increasingly employed in part-time jobs, so their tenure in office is decreasing in comparison to men.
Next we describe the evolution of our first main variable of interest, wages. The numbers are shown in Table 4 , where we focus on the distribution of log weekly wages in 1994 and in 2002 (the 2002 "prime," year represents a counterfactual year that we will discuss later). Overall, wages have been stagnant in the middle and increasing at the tails of the wage distribution. Women in the top percentiles of the distribution underwent the largest increase in wages, although women in all quantiles saw some improvement. This was not the case for men.
Men between the 10th and 75th percentile received lower wages in 2002 than 9 years earlier.
The Gini index and the Theil index show that the relatively more stagnant evolution of wages in the middle of the wage distribution has led to increasing inequality.
Regarding our second main variable of interest, workplace injuries, we use two slightly different measures. To account for differences in exposure to workplace risk the weekly probability of injury is computed by dividing the likelihood that a worker was injured at least once during the year by the number of weeks worked during that year.
2 We also compute an injury index, defined as the annual number of days lost due to an injury divided by the number of weeks worked during the year. This index depends not only on the occurrence of an injury but also on its severity. To facilitate interpretation of the results, we report the probability of injury and the injury index on a yearly basis, i.e., the probability of injury in a year and the number of days lost per year. Figure 2 and Table 5 show the evolution of injuries over time and also by wage quartile. The overall risk of injury for male workers dropped from 8.7 percent in 1994 to 6.2 percent in 2002.
The corresponding decline among female workers was considerably smaller, from 2.8 percent to 2.5 percent. A similar picture emerges from the injury index, which fell from 2.8 to 1.8 for men and from 0.9 to 0.7 for women. Despite the noise, Figure 2 shows that the injury index is decreasing for the lowest male quartile and the highest female quartile. Table 6 describes the changes in the average gender wage and injury gap. The wage gender gap decreased from 0.201 to 0.158 (-21 percent) and the gender gap in injury probability from 0.059 to 0.037 (-37 percent). The gap in the injury index also declined during the same period (from 1.878 to 1.165, a reduction of 38 percent). The next section introduces a semi-parametric strategy for testing whether the evolution of observable characteristics can explain these patterns in wages and injuries.
Methodological framework
Given the well-known heterogeneity in risk across sectors, the pattern in injury risk and wages may simply be a result of changes in the participation rates across sectors (as documented earlier, for example, in Table 2 ). indicating that this phenomenon is particularly strong for female workers. However, sectorial composition is only one of many potential driving forces.
More generally, changes over time in the distribution of injuries and wages and their joint distribution can be ascribed to changes in several observable characteristics of the workers (age, tenure, part-time work, industrial sector, occupation, region of work, region of birth), or unobservable factors, such as the price of skills, the workers' attitudes towards risk and the assignment of hazardous tasks and wages among workers with the same characteristics and within a specific occupation. Hence, the observed changes in the gender gaps (in wages and workplace injuries) can also be decomposed into these two components. To do so, we estimate the counterfactual densities (indicated by a prime ') of wages and injuries that would have been observed at the end of the sample period (2002) had the observed characteristics been distributed as they were at the beginning of the period (1994).
The difference in the statistics based on the counterfactual and the observed density in 1994
represents the impact of changes in unobservable factors affecting wages and workplace injury risk (for a given type of worker and job), but also changes in workers' attitudes towards risk and changes in the assignment of tasks within a specific type of occupation. The difference between the observed density in 2002 and the counterfactual one (denoted by 2002') indicates the impact of changes in observable characteristics. This reveals how changes in wages and injuries are driven by variations in labor force participation and by the sorting decisions of workers into different types of activities. To compute the counterfactual density, we adopt the reweighting approach of DiNardo et al. (1996) . In our analysis, we apply this procedure to create counterfactual population measures of a single outcome variable (i.e. wages or injury indexes, separately) or counterfactual measures based on the joint distribution of wages and workplace injuries.
In the construction of the counterfactual measure for a single variable of interest the notation is as follows. Consider a sample of N workers, with n = 1, ..., N . Each worker is characterized by individual observed characteristics (y, x), where the vector x includes socioeconomic variables to condition on in the construction of the counterfactual. We define a statistic I(t) at time t, based on the function g(y) as
where F (y, x|t) represents the conditional joint distribution of the outcome variable y and characteristics x at time t. As shown by DiNardo et al. (1996) , counterfactual scenarios can be constructed by adopting an appropriate reweighting procedure. One can build the counterfactual population measure I (2002, 1994) , that is, the population measure over an outcome of interest y that would have occurred had the conditional distribution F (y|x) been the same as in 2002, and had the distribution of x been the same as in 1994.
3 The counterfactual 2002, 1994) can then be computed using a reweighting procedure:
where the weights are:
The sample weights can be derived and estimated using Bayes' rule, Figure 4 shows that observables reduced wages of male workers at each percentile, and that changes in wages were positive only at the lowest and at the highest percentiles. Women also experienced larger increases in the tails of the wage distribution but, unlike men, increases occurred across the whole spectrum. The other difference is that changes in observable characteristics partially explain the rise among high-skilled women and the lower rise among low-skilled ones. Figure 5 describes the difference in percentiles of the wage distribution between men and women. The gender gap is more pronounced at the lowest and the highest wage percentiles, with changes in observables explaining most of the almost parallel downward shift in the gap. Figure 6 shows that, apart from the very extremes, this shift is almost uniform; however, the most skilled women experienced the largest reduction in the gap, while the lowest skilled women actually experienced an increase in the wage gap.
Overall, the actual and counterfactual values of the Gini and Theil indices in Table 4 indicate that these variations in the wage distribution of women have led to a higher level of inequality to be ascribed with almost equal weights to compositional effects and to changes in unobserved characteristics. Table 6 
The magnitude of the gender injury gap
Wages are not the only important job characteristic; job safety is certainly another. Counterfactuals will tell us whether the large decline in injury risk among men is driven by compositional changes or by other unobserved variables. Table 5 shows a 29 percent reduction in injury risk for male workers and an 11 percent reduction for females. The counterfactual results show that unobservables drive these changes. Similarly, Table 6 shows that gender differences in the probability of injury and the severity of the accidents fell mainly because of unobserved variables. Changes in the composition of jobs, occupations and sectors has counteracted the effects of unobserved variables only to a very limited degree. Figure 7 shows that the same is true regarding the severity of injuries. Figure 8 makes this even more explicit by showing the differences between the male and female distribution of days lost due to workplace injuries. Finally, Figure 9 reports the difference-in-difference between 2002 and 1994, and the male and female distribution of days lost due to injury. The narrowing of the injury gap is clearly driven by changes in injuries that lead to short term absences from work.
Gender wage and injury gap together
After describing the marginal distribution of wages and injuries, together with their actual and counterfactual evolution, we now describe their joint distribution. The purpose of joint analysis is to investigate whether the observed reductions in the wage and the injury gap can be interpreted as the consequence of reductions in gender differences in compensating wage differentials (conditional on the observable characteristics). Figure 2 shows the evolution of the average injury index within each wage quartile for male and female workers. The pattern described in the figure reveals the increased concentration of injuries among low wage female workers. To determine whether these patterns are driven by changes in observable characteristics, the probability of injury is computed for male and female workers by wage quartile in 1994, 2002 and in the 2002 counterfactual scenario ( Table 7 ). The risk of injury declined for male workers in all quartiles, with the biggest difference in the first quartile (-37 percent). The probability of injury among female workers slightly increased for the first quartile, but remained stable for the second and considerably decreased for the 3rd and 4th. Observables explain little about the evolution of male injuries across all quartiles, but sometimes predict even larger changes in injury risks for women.
The corresponding evolution of the injury index (taking severity into account) is shown in Table 8 . The 30 percent decline in injury probability in the first quartile of the male wage distribution is accompanied by a 42 percent decline in the injury index. This indicates that the severity of injuries decreased considerably in the lowest part of the male wage distribution. The last three columns of Table 7 and 8 describe the gender gap in workplace injuries by wage quartile. For the injury probabilities, the gap is always positive and, except for the 4th quartile, decreasing over time. The gender gap tends to be larger among low skilled workers.
Similarly, the gender gap in the severity of injuries is generally positive, decreasing over time, and larger for low skilled workers. In 1994, women in the 4th wage quartile had a larger injury index then men, but the gap is not statistically significant and had shrunk to zero by 2002.
The gender gap in the injury index decreased significantly (from 5.2 to 2.4) for workers in the Quartile-specific measures of injury risk neglect intra-quartile differences in injury risk. A more comprehensive measure of inequality in the distribution is provided by the concentration curve (Wagstaff et al., 1991 and Kakwani et al., 1997) , which describes the proportion of injuries that are attributable to the cumulative percentage of the sample ranked by wage. If wages and the probability of injury were uncorrelated, the concentration curve would correspond to the 45-degree line. If, instead, low wage earners bear more risk of injury, the concentration curve will fall above the 45-degree line. 5 A quantitative measure of the distribution of the injury risk y over income levels is provided by the concentration index that represents the area between the concentration curve and the 45
• line. For a sample of n individuals, this index is
where µ is the mean injury index and R i is the fractional rank of the i-th individual in the income distribution.
concentration cannot be explained by observable factors. Table 9 The increase in the concentration of injury risk among low wage female workers seems to be mainly driven by changes in unobservable attributes (see also Table 9 ). This could be driven by an increased unobserved heterogeneity between high skilled and low skilled women that may have disproportionately increased wages and workplace safety at the top of the wage distribution. Similarly, a decrease in the relative price of low skills may have induced low skilled women to bear the risk associated with more hazardous tasks.
Concluding Remarks
Using a unique dataset, we study the narrowing of the gender gap in wages and workplace injury risk in Italy between 1994 and 2002. This decrease in gender differences is associated with rising inequality within the female wage distribution and an increased concentration of injuries among low-skilled female workers. While the reduction in the gender wage gap is largely explained by changes in the observed characteristics of workers and jobs, the increased concentration of injuries for female workers is largely due to changes in unobservable attributes.
Two possible explanations for the changes in observable characteristics of workers and jobs are skill-biased technological progress and the falling of barriers to career advancement for women. Over the past few decades, women have increasingly been moving from traditionally female professions to professions previously dominated by males. The entry of new, better skilled and educated cohorts has contributed to growing numbers of women in more highly paid positions (Blau and Kahn, 2000) and allowed some of them to advance in the job hierarchy.
However, changes related to skill biased technological change might be driving increased wage inequality for women (Autor et al., 2003 , Bacolod and Blum, 2010 , Black and Spitz-Oener, 2010 ).
The falling of institutional and social barriers and the change in attitudes towards workrelated risk within a specific occupation likely explain part of the wage increases in the lowest part of the distribution for females. Weichselbaumer and Winter-Ebmer (2007) show that the elimination of government regulations prohibiting women from working in unpleasant jobs or tasks requiring physical strength has lowered the gender wage gap. The computer revolution and growing international trade that characterized the 90s likely increased the price of cognitive skills relative to physical skills. Increased remuneration of skills might have induced more highly-skilled women to trade-off part of their salary for workplace safety, whereas low-skilled female workers, whose skills have been penalized by the IT revolution, had to change job and sector (observable changes in our data set), or to sort into different tasks within the same job and sector (unobservable changes), and bear most of the cost deriving from injury risk.
Changes in (unobserved) risk preferences or preferences for overtime and part-time work may also have affected the allocation of hazardous tasks within jobs. Epidemiological studies indicate that overtime work is highly correlated with the probability of injury. Hence, changes in female risk preferences may affect overtime work and the allocation of tasks within firms.
Similarly, the fall in the number of children in Italian families may also have affected women's preferences for overtime and part-time work, and hence the allocation of hazardous tasks. The series represent the evolution of the average injury index within each wage quartile for male and female workers. The injury probability is the estimated probability of injury within a year. The injury index is the estimated yearly number of working days lost due to injury. The injury probability is the estimated probability of injury within a year. The injury index is the estimated yearly number of days lost due to injury 
